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Conditions vary according to the source (NAPL or not, above or below the water table, 
proximity, mass, compounds), pathway (porous and well-drained, or heterogeneous) and 
receptor (building design, quality, ventilation, pressure and occupancy)

There are no “one-size fits all” solutions.



If you remember nothing else: we inhale a very large volume of air 
compared to any other media we are exposed to (water, soil. etc.).  So 
the concentrations must be MUCH lower.  This make everything more 
challenging.
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This is nothing new, but there wasn’t much real data until the late 1990s 
and prior assessments were based mostly on modeling

Since around 2000, there’s been a lot more sampling and analysis, and 
mostly we have learned that VI can happen more than previously 
thought, but we still don’t understand the root causes well enough to 
predict it with much confidence.



Depending on the assumed risk level and attenuation factor, screening 
levels vary considerably between jurisdictions.  This indicates the level 
of uncertainty among regulators.
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CERCLA folks joined RCRA folks (Brownfields too, but not UST 
program) to provide draft Federal Guidance in 2002.  Still has not been 
finalized almost a decade later, although a revision is promised for 
November 2012.

Public comments on the draft were over an inch thick.



OIG report has inspired OSWER to commit to a 2012 date for “final” 
guidance.

Several work products are either recently completed or nearly complete 
(next slides)
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EPA has compiled a database of subsurface and indoor air data, filtered 
it to focus on higher concentrations (more clearly resolved signal 
compared to background) and reported order statistics for attenuation 
factors.

Most of the data is for chlorinated solvents in residential setting.  This is 
not necessarily representative of Military facilities.
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Conventional mitigation methods are summarized in this document.  
(later in this presentation, improvement/optimization options are 
discussed)
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EPA compiled indoor air quality data to help establish expectations for 
background concentrations.  Several compounds have background 
concentrations that are within or above the typical screening levels
(benzene, carbon tetrachloride, chloroform, tetrachloroethene, 1,2-
dichloroethane).
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The Johnson and Ettinger (1991) Model was coded into a spreadsheet 
many years ago, and a recent update was made to incorporate the 
recommendations in the Johnson (2002) Critical Parameters paper.
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Lilian Abreu wrote a 3-D model for her PhD thesis, and EPA 
commissioned her to develop a range of simulations to help formulate 
expectations for subsurface vapor distributions and the effect of a range 
of processes and mechanisms.  
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EPA commissioned Dan Steck (a Radon expert) to prepare a report on 
Lessons learned in the radon field that might help us all manage vapor
intrusion for VOCs.

14



Every sample has some potential sources of bias and variability.  Some 
more than others.

Samples specific to VI assessment will be discussed next.
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This is the most common method for indoor, outdoor and soil vapor 
samples for VOCs for VI assessment.  The data quality is usually pretty 
good, but there are several limitations.



This method is most common for industrial hygiene, sick building 
assessment and much more commonly used in Europe.  Still not 
without limitations.
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Subslab samples are mostly all collected by this method.  Really only 
tells you what the concentration is at that specific location, and if the 
building breathes both ways 9most do), you may collect a sample with 
an unknown amount of indoor air.  It is also fairly common for the 
probes to leak.



There are lots of ways to collect soil gas samples.  The method needs 
to be commensurate with the data quality objectives.  
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Geoprobe wrote a good guide to soil gas sampling.



Collecting reliable soil gas samples is at least as much work as 
groundwater sampling.  Although there are few guidance documents 
that spell out all the QA/QC steps in sufficient detail to avoid the 
common biases (leaks, equipment blank contamination, adsorptiive
losses).
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This is “typical” soil gas data.  Where oxygen concentrations are high,
benzene degrades very rapidly, so high concentrations of both is not 
likely.  However, a sample with a leak can have both.  
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Data variability limits our ability to predict indoor air concentrations from subsurface 
concentrations.  Regulators respond by asking for a lot of data and setting very cautious 
screening levels, both of which are costly.  



Each of the sample types has certain benefits, and certain limitations. 
They are not all the same.  This is why it is often best to make decisions 
using more than one line of evidence, there’s less risk of making a bad 
decision.
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Where concentrations are high inside and below a building, there’s a 
stronger indication that vapor intrusion is occurring. If concentrations 
are low in either media, then something else may be going on.  
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This is one of the most common challenges.  But it becomes much less of a challenge if the 
acceptable risk level is 1E-5 instead of 1E-6.  



Building almost always have internal sources of VOCs.  If you collect 
indoor air or sub-slab samples, you will very often detect them.  
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Historic uses can cause contamination of building materials that emit 
VOCs for a very long time.  
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If samples are collected over a shorter time period, the variability is 
even greater.  This plot shows data collected by Arizona State university 
at the Layton house as part of their SERDP research project.  There’s 
seasonal variability in addition to daily variability.
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Build pressure fluctuates and varies with wind-speed, barometric 
pressure and temperature.  Sometimes, the pressure can be net-
positive or negative, and sometimes it just fluctuates.  This contributed 
to vapor entry, but also indoor air sources can migrate to the 
subsurface.  
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Seasonal (or longer-term) changes in the water table can cause 
changes in the soil vapor concentrations.
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Variability is not just temporal, spatial variability can be very significant 
too.  These plots show vertical and horizontal variability.



In large buildings (much of the military building stock), how many 
samples is enough?
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When you get inot a large sampling program, the logistics and costs 
can really add up.
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Most people only look at VOCs (e.g. EPA Method TO-15), but that 
leaves out more than half the compounds that could potentially be a 
concern.
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If you really want to analyze for all the compounds that could be a 
concern, you’d have to do several different analysis, and there would 
still be a dozen or so compounds left out.
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Lots of these common features make assessing vapor intrusion costly.  
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This should be just a recap.  Note that the limitations are not the same 
for all lines of evidence, which is a key reason to use more than one.
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Questions/Comments? 

tmcalary@geosyntec.com 


